which has been proposed to play a role in acrosomal exocytosis.
Introduction
When spermatozoa first leave the male reproductive tract they are not immediately fertile. They require a species-dependent period in the female reproductive tract, during which they ac¬ quire the ability to fertilize; the changes that occur to promote functional ability collectively constitute capacitation (Austin, 1952 Kopf, 1980; Tash and Means, 1983; Fraser, 1984; Fraser and Ahuja, 1988; Fraser and Monks, 1990) . There is also increasing evidence that cyclic adenosine monophosphate (cAMP) may be important in the stimulation of sperm fertilizing ability. Stein and Fraser (1984) reported a capacitation-related increase in adenylate cyclase activity and a decrease in cyclic nucleotide phosphodiesterase activity in mouse spermatozoa. Consistent with this, White and Aitken (1989) reported a progressive increase in intracellular cAMP concentrations preceding the full expression of hyperactivated motility in hamster spermatozoa. Indirect evidence for a role for cAMP in capacitation and fertilization has been found using analogues of cAMP (Fraser, 1981) and inhibitors of the enzymes of cAMP metabolism (Fraser, 1979) . In addition, the initiation of flagellar motility in bovine (Lindemann, 1978) and canine (Tash and Means, 1982) Chulavatnatol, 1982; Noland et al, 1984; Haldar and Majumdar, 1986; Wooten et al, 1987; Horowitz et al, 1988) . However, few of these have been specifically identified and none has been rigorously associ¬ ated with specific function. Among those reported is a protein of M. of about 55 000 in the cytoplasm of bull spermatozoa, the phosphorylation of which appeared to be related to motility (Brandt and Hoskins, 1980) . Many studies on sperm motility have been carried out on detergent demembranated sperm models (reviewed by Tash and Means, 1982) . Using such a model, Tash et al (1984, 1986) Using a well-characterized mouse in vitro system (Fraser, 1983 (Fraser, , 1987 Fraser and Quinn, 1981) 
Culture media
The culture medium used to incubate spermatozoa during capacitation in vitro was a modified Tyrode's medium (Fraser, 1983) (Fraser, 1987 Immunoblotting to detect phosphotyrosine residues Sperm suspensions were prepared in + G medium containing 100 µ sodium orthovanadate 1_1 and incubated for 105 min.
Half the sample was removed and treated with the Ca2+ ionophore A23187 to induce the acrosome reaction (Fraser, 1982 (Fraser, 1982) (Fig. 4) . Although the region of Mr 80 000-100 000 has relatively few protein bands, there is one at 95 000 in both the uncapacitated and capacitated suspensions. one at about 37 000 was seen infrequently. The 116 000 protein was less prominent than the other seven. Of these, the proteins of 120 000 and 53 000 were non-specific, and were observed consistently both when pre-blocked primary antibody was used and when primary antibody was omitted. There appeared to be a non-specific protein of about 76 000 but this was always of considerably lower intensity (Fig. 11, lanes c, d, e, f) than the band observed after incubation in primary antibody (Fig. 11,   lanes a and b) . This suggests the presence of at least two proteins at this position, one of which is a phosphotyrosinecontaining protein. In a minority of samples, the protein of MT about 54 000 was visible in the absence of primary antibody; this was the case in the sample used for Fig. 11 . It is unclear whether this may also indicate the presence of two proteins, one of which contains phosphotyrosine residues. In ionophoretreated samples, the 95 000 protein was the only one consis¬ tently reduced (Fig. 11, lane b) (Chulavatnatol et al, 1982; Wooten et al, 1987) and initiation of motility (Brandt and Hoskins, 1980; Tash and Means, 1982 (Figs 3 and 5). The majority of these proteins were present in both uncapacitated and capacitated samples, but the incorporation of 32P differed between highly motile cells incubated in the presence of glucose and poorly motile cells incubated in the absence of glucose. This suggests that most of these proteins are probably concerned with motility, a conclusion consistent with other studies on sperm phosphoproteins (e.g. Brandt and Hoskins, 1980 (Hoskins et al, 1972) .
The similarity in the array of phosphoproteins detected in permeabilized cell preparations (e.g. Fig. 3 ) and intact sperm cells (Fig. 7 (Fig. 6 ). In the presence of proteolytic inhibitors, the phosphorylation of a protein of Mr 42 000 was reduced, probably as a result of the inhibition of the proteolytic degra¬ dation of the R,, subunit of the type II protein kinase (Noland et al, 1986; Horowitz et al, 1989) . However, since no other major changes in the phosphorylation pattern were observed in the presence of proteolytic inhibitors, these were not routinely included in the phosphorylation assay. Although the R" subunit of the type II cAMP-dependent protein kinase was not specifi¬ cally identified by immunoblotting in this study, it is thought to be one of the major cAMP-dependent phosphoproteins in mammalian spermatozoa (Noland et al, 1987; Paupard et al, 1988) . The R" subunit is autophosphorylated with a molecular weight of 54 000-56 000 and has been shown to be tightly associated with the mammalian sperm flagellimi (Horowitz et al, 1984 (Horowitz et al, , 1988 Lieberman et al, 1988 (Fraser, 1985 
